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The sorption of aluminum complexes to guinea pig 
stratum corneum has been studied using our previously 
described fluorometric and atomic absorption spectro-
photometric procedures. The sorption, desorption, and 
binding properties of the two aluminum systems most 
often used in topically applied antiperspirants, alumi-
num chloride and aluminum chlorohydrate, Al2(OHhCI. 
2HzO were examined as a function of aluminum concen-
tration, sorption time, state of hydration, and for various 
delipidized tissue specimens. The results indicate rapid 
uptake of aluminum species in both systems from 
aqueous solutions for partially hydrated tissue, reaching 
50% saturation levels in about 30 min. Pseudo-equilib-
rium sorption isotherms follow a Langmuir-type sorp-
tion behavior over the 10-4 M to 5 X 10-3 M aluminum 
concentration range for both systems reaching plateau 
sorption capacities. At higher aluminum concentrations, 
however, the aluminum chlorohydrate isotherm exhibits 
a long linear increase in sorption following this initial 
plateau. Sorption of the various aluminum species de-
pends on the hydration state of the tissue with increases 
in sorption of 2- to 3-fold over tissue prehydration time 
periods of 0-96 hr. Desorption studies indicate signifi-
cant reversibility of aluminum chloride sorption from 
partially hydrated tissue but little desorption from fully 
hydrated tissue. In contrast, little desorption is observed 
with aluminum chlorohydrate regardless of tissue hy-
dration levels. These differences are interpreted in terms 
of the inherent physical-chemical properties of the spe-
cies contained in these two aqueous aluminum (Ill) ion 
systems. 
Aluminum (III) compounds have found extensive usage in 
cosmetics and medicines as topical and intestinal agents [1]. 
Our interest in the interaction of aluminum (III) ion complexes 
with skin is motivated by their use as antiperspirants and 
deodorants. Hydrated aluminum chloride (AlCta) and alumi-
num chlorohydrate (ACH) solutions or mixtures of these sys-
tems are the most frequently employed ingredients [2]. Reviews 
of proposed mechanisms of aluminum-induced anhydrosis have 
been presented by Reller and Leudders [3] and by Holzle and 
Kligman [4]. A review of the dermal safety and toxicological 
effects of aluminum (III) ion complexes has also been reported 
[2]. No systemic toxicity for aluminum salts has been observed, 
although local cutaneous irritation has been observed by Lans-
down [5], in animal studies of 6 aluminum salts. Lansdown 
noted that the irritancy produced by different aluminum salts 
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varies considerably, and suggested that the primary differences 
in epidermal damage may be related directly to the deposition 
of aluminum in skin keratin. 
In vitro and in vivo studies of aluminum salt interactions 
with mammalian skin are currently limited to effects on the 
mechanoelastic behavior of callus [6], electrical properties of 
guinea pig skin [7], and the penetration [8] and binding [9] of 
these salts to various skin preparations. Detailed studies of the 
binding of aluminum salts to intact skin are nonexistent, al-
though Lyon and Klotz [9] had previously studied AlCb binding 
to epidermal proteins (obtained by pooling lyophilized, minced 
guinea pig epidermis) using a bath depletion method. The only 
report to date involving penetration of aluminum salts through 
excised human skin is by Blank, Jones, and Gould [8], who 
concluded that minimal aluminum reached the dermis following 
topical exposure, due to the binding of unknown aluminum 
complexes to the outer stratum corneum layers. 
The quantitative assessment of dermal irritancy and lack of 
penetrability of various aluminum complexes through skin has 
consistently stressed their binding or sorption capabilities to 
this tissue and its components and the reactions that follow 
such processes. In this report, 2 sensitive assays for estimating 
levels of binding or sorption of aluminum complexes to small, 
intact segments of stratum corneum [10] are used to study the 
sorption of monomeric aluminum hexaaquo ion, [Al(H20)6] 3+ 
and the polymeric complexes in ACH solutions to guinea pig 
stratum corneum. Particular attention is made in these inves-
tigations to estimating the influences of concentration, sorption 
time, and nature of the aluminum complexes on their sorptive 
properties. In addition, modification of the state of hydration 
and lipid content of the tissue, conditions that are known to 
affect its properties, has been used to defme additional factors 
pertinent to aluminum sorption processes. 
MATERIALS AND METHODS 
ACH was a 50% aqueous solution of Wickenol 303 from Wickhen 
Products, Inc., Huguenot, N.Y. AlCb was an atomic absorption stan-
dru'd reference solution obtained from Fisher Scientific Company, Fair-
lawn, N.J. Morin (3,5,7,2',4'-pentahydroxyflavone) was supplied by K 
& K Laboratories, Plainview, N.V. AU other reagents were A.C.S. 
certified grade from Fisher Scientific Company. Fluorescence and 
atomic absorption analyses were performed using instrumentation and 
procedures previ·ously described [10]. 
Guinea pig stratum corneum was obtained as previously described 
[10]. Replicate pieces of it were obtained by stamping with a 15 X 40-
mm die of heavy steel. Samples were dried in a desiccator over "Drier-
ite" for at least 3 days and weighed on a 50-mg-capacity torsion balance 
(No. 278275, Alfred Suter Model from Roller-Smith, Bethlehem, Pa.). 
For hydration studies, stratum corneum pieces were immersed in 
deionized-distilled water at 30°C in 20-m! polyethylene beakers from 
0-96 hr. Tissues were lifted from the beakers with smooth-faced tweez-
ers and quickly blotted on fresh Whatman No.2 filter papers. Each 
tissue was immediately reweighed on the torsion balance, and the % 
hydration was calculated according to the equation: 
Hydrated weight-Dry weight _ H . 
D . h x 100 - % ydratIon 
ry welg t 
Tissues were then incubated in 1.0 m! of unbuffered aqueous aluminum 
solutions at 30.0 ± .5°C. The pH of AlCb solutions varied from 3.45-
4.16, whereas the pH of ACH solutions was essentially constant at 5.0-
5.2. Following incubation, each bath was assayed tluorometrically for 
aluminum content. Each tissue was then soaked in 1 rnl of 0.1 M NaCI 
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Sorption condilions" Tissue paramelers' Sorplion dala Als Aluminum complex 
% Hyd. Wl.S.C. (mg) Al sorbed ("g) ("g AI / mg S.C.)'· Sorplion t.ime (hr) 
ACH 0.5 144 ± 7 8.49 ± .25 6.96 ± .27 0.82 ±.01 
ACH 4.0 121 ± 18 8.71 ± .67 9.98 ± .68 1.15 ± .13 
ACH 7.0 144 ± 2 7.80 ± 1.06 11.84 ± 1.27 1.55 ± .38 
Aiel:. 0.5" 82 ± 12 9.66 ± .76 4.20 ± .01 0.44 ± .04 
AlCb 4.0 92 ± 6 11.52 ± .43 7.08 ± 1.56 0.61 ± .12 
AlCl:. 7.0 83 ± 14 9.45 ± 1.59 6.21 ± 1.87 0.65 ±.1O 
" All reported data are mean values ± standard deviations for triplicate samples except where noted. 
" All tissues were pre hydrated for 1 hr in 1.0 rnl of water prior to sorption studies in 10- .1 M aluminum. 
C Als refers to the terminology for aluminum content of the tissue as defined in the text. 
" Only duplicate tissues were used in these experiments. 
at 30°C with agitation followed by a quick blot on Whatman No.2 ftlter 
paper to remove excess solution from the previous bath. Three rinses 
were obtained, and each was assayed fluorometricaLly. The total alu-
minum desorbed is estimated as the sum of the aluminum content of 
the 3 rinses. Between 75 and 90% of the total aluminum desorbed was 
found in the first 2 rinses. 
Aliquots from baths containing ACH incubated in the presence and 
absence of stratum corneum could not be assayed directly, but were 
hydrolyzed prior to the morin fluorescence assay [10]. Aliquots from 
baths containing AICb were assayed directly for aluminum as previ-
ously described [10]. Results obtained with the fluorometric bath 
depletion assay agreed quite well with data obtained by atomic absorp-
tion analysis of the treated tissues [10]. 
RESULTS 
SOIption Studies-General Format 
Aqueous sorption' studies of aluminum complexes to micro-
porous [11] guinea pig stratum corneum must distinguish be-
tween 2 simultaneous processes: sorption of aluminum solutes, 
and the sorption of water, a process which continuously alters 
the tissue [12]. Sorption studies of AICb and ACH complexes 
to guinea pig stratum corneum were carried out in 2 steps: (i) 
preconditioning the state of hydration of the tissues, and (ii) 
equilibrating tissues in aqueous aluminum solutions at different 
solution concentrations. Sorption and desorption data are pre-
sented below as bar graphs or curves, data points representing 
mean values from 3 similar guinea pig stratum corneum seg-
me~ts. The results are reported using the following definitions: 
Als =Aluminum Sorbed (/Lg aluminum sorbed/mg stratum 
corneum) 
AID =Aluminum Desorbed (total /Lg aluminum desorbed/mg 
stratum corneum) i.e. /Lg AI found in three rinses with 
0.1 M NaCI 
AlB =Aluminum Bound (Als - . AID = /Lg aluminum bound/ 
mg stratum corneum) 
Sorption studies were performed to (i) determine differences in 
rate of uptake for AlCb and ACH at equivalent concentrations, 
(ii) 'assess differences in sorption isotherms for ACH and AlCb 
under pseudo-equilibrium conditions, (iii) study the effects of 
stratum corneum hydration on aluminum sorption processes, 
and (iv) analyze the influence of delipidization treatments on 
the sorption behavior of these aluminum solutes. 
SOlption of ACH and AlCla-Rates of Sorption and Sorption 
Isotherms 
Rates of aluminum sorption were initially estimated using 
stratum corneum segments prehydrated for 1 hr. Table I pre-
sents mean sorption data and t issue parameters for AlCb and 
ACH at a concentration of 1O-a M aluminum over the sorption 
time period 0.5-7.0 hr. Graphical representation of the alumi-
• The term sOlption is used collectively to include both adsorption 
(onto) and absorption (into) the stratum corneum, processes that have 
not been differentiated in the present study. 
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FIG 1. Aluminum sorption or uptake as a function of time of sorp-
tion. Curves for aluminum chlorohydrate (ACH) and hydrated alumi-
num chloride (AICta) are plotted as Als (p.g AI/mg S.C.) versus time 
(hr). The range of sorption values for 3 tissue specimens and the 
corresponding mean values are depicted at particular times. See Table 
I for summary of ACH and AlCl:. data. 
num sorption or uptake as a function of time is shown in Fig 1. 
The uptake rate for ACH is approximately twice that for AICb 
(1.6 /Lg AI/ill' versus 0.9 /Lg AI/hr) during initial times. From 
this data, 0.5 hI' was chosen as a representative pseudo-equilib-
rium uptake time to allow further comparison of sorption 
phenomena and the development of solute sorption isotherms. 
Additionally, this time period minimizes the effect of the con-
comitant water sorption processes. 
The determination of pseudo-equilibrium aluminum sorption 
isotherms for ACH and AICla was obtained over the aluminum 
concentration range most amenable to bath depletion tech-
niques, 10--2 M-10- 4 M [10]. Three different segments of tissues 
from identical animal sources were used for each aluminum 
system. Experimental conditions employed and mean Als, AID, 
AlB, and % AI desorbed'l' data for each concentration are tabu-
lated together with % bath depletion* results and other perti-
nent tissue parameters in Table II. The % hydration results and 
tissue weights for individual segments were quite constant for 
the experimental series, the mean % hydration values varying 
from 127-158%. Mean sorption, desorption, and "bound alumi-
l' % Al desorbed refers to the parameter (Alol Als) x 100 and is a 
measure of the percent of aluminum desorbed compared to the amount 
originally sorbed. 
:j: % bath depletion refers to the percent of solute sorbed of the total 
available in the sorption reservoir. This parameter is shown to decrease 
rapidly as the amount of solute increases (from 90% at 10-4 M to 7% at 
10- 2 M aluminum; see insert in Fig 2). 
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TABLE II. Aluminum chlorohydrate (ACH) experimental sOlption isotherm" data: Effect of alum.inum. concentration 
Al % J.lg Al Al ' J.lg AI AI,,' J.lg Al Alu' % Bath" % AI 
Mola rity Hydrat ion' S.C. mg sorbed " desorbed bound depletion desorbed' 
10' 
5 x 10- ' 
10-" 
5 x 10-" 
10- 2 
144 ± 20 7.89 ± .29 2.43 ± .08 0.308 ± .007 0.201 ± .047 0.026 ± .007 2.229 ± .128 0.283 ± .010 90 ± 3 9±2 
9±3 
14 ± 2 
13 ± 5 
14 ± 2 
127 ± 27 8.75 ± .45 5.80 ± .53 0.66 ± .04 0.506 ± .2 12 0.057 ± .021 5.29 ± .36 0.605 ± .034 43 ± 4 
143 ± 7 8.49 ± .25 6.96 ± .27 0.82 ± .01 0.967 ± .11 5 0.112±.014 5.99 ± .26 0.706 ± .012 26 ± I 
158 ± 24 8.08 ± .52 12.14 ± 2.21 1.49 ± .18 1.561 ± .213 0.194 ± .04 1 10.58 ± 2.41 1.300 ± .216 9.0 ± 1.6 
135 + 30 8.52 ± .42 17.78 ± 6.55 2.08 ± .71 2.498 ± .893 0.29 ± .10 15.2 ± 5.72 1.785 ± .614 6.6 ± 2.5 
" Sorption isothe rm data (mean values ± standard deviations for triplicate samples) refe r to the pseudo-equilibrium sorption following 0.5 hr in ACH solutions. 
/, A 11 tissues were prehydruted for 1 hr in 1.0 ml of water prior to sorpl.ion studies. 
,. Als. AI" and All) vulues are defined in the text und have the units J.lg Al/mg S.C. 
" % Buth Depletion refers to the percent of aluminum sorbed and is calcu lated by U,e expression (J.lg AI so rbed/ J.lg Al initially in solution) X 100. 
,. % Al Dcsorbed refers to the calculated paramete r, (Alill Als) X 100. 
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FIG 2. Pseudo-equil ibrium sorption isotherms for aluminum chlo-
rohydrate (ACH) and hydrated aluminum chloride (AlCb) over the 
concentration range 10- 2_10- 4 M AI. The mean Als, AID, and AlB values 
for both solutes are depicted using the definitions given in the legend 
and text. The insert graph gives the % bath depletion for ACH as a 
function of initial aluminum bath concentration [Al]". See Table II fo r 
summary of ACH experimental data. 
num" values for the data of Table II are shown more clearly in 
the pseudo-equilibrium ACH and AlCh isotherms of Fig 2. 
The shapes of the sorption isotherms (Als versus log [Al]o) 
for ACH a nd AlCb shown in Fig 2 are typical of the Langmuir 
[13] isotherm at lower concentrations (10- 4 M_lO- J M) with a 
plateau effect being observed at higher concentrations. Above 
10- 3 M, t he ACH isot herm exhibits a long linear rise in Als (Als 
= total height of bars) termed an L or C type sorption curve 
[13] typical of additional sorption due to diffusion of the solute 
into the microporous and probably expanding stratum corneum 
or due to further second monolayer sorption processes [13). 
The levels of sorption of ACH to stratum corneum over the 
entire experimental range al'e, however, greater than AlCb 
sorption levels, reaching a 2-fold factor at 5 X 10- 3 M aluminum, 
the highest concentration at which AICb sorption studies were 
performed. Differences in levels of desorption for ACH and 
AICb as a function of concentration are also seen in Fig 2. While 
the Als values at similar concentrations are greater for ACH 
than AICb, desorption values, AID, reflect just the opposite 
trend, namely, more aluminum as AlCb is released than for 
ACH at similar aluminum bath concentrations. The most direct 
means of comparing the sorption/ desorption processes are the 
% desorbed values (see Table II) or the AlB isotherms shown in 
Fig 3 (termed "bound aluminum" isotherm) for ACH and AlCta. 
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FIG 3. Pseudo-equilibrium "bound aluminum" isotherms for alumi-
num chlorohydrate (ACH) and hydrated aluminum chloride (AICb) 
over the to 2_10- 4 M concentration range. 
The "bound aluminum" isotherms indicate that the sorbed 
aluminum solutes in the ACH system are retained on or within 
the tissue to a greater extent than for monomeric AlCb. At 5 
X 10- 3 M aluminum bath concentrations, AlB values for ACH 
are ca. 2- to 3-fold greater than for AICb. 
The higher sorption levels observed for ACH, in comparison 
with AlCb, allow ACH sorption to be measured easily even at 
high aluminum concentrations. The insert in Fig 2 shows sig-
nificant bath depletion even at 10- 2 M aluminum for ACH. With 
AlCla, there is no apparent bath depletion above 5 X 10- 3 M, 
making AlCb sorption studies above that concentration diffi-
cu lt. 
Aluminum Sorption Dependence on Stratum Corneum 
Hydration State 
An examination of t he dependence of the sorption of AICl3 
and ACH solutes on the state of hydration of stratum corneum 
was performed using tissues prehydrated from 0-96 hr prior to 
sorption of aluminum solutes for 0.5 hr. The mean sorption 
results (Als, AID, AIR values) and the corresponding mean % 
hydration values for the different prehydration times are given 
in T able III. The % hydration values range from 0% for dry 
stratum corneum to 740% for a 96 hr prehydration, a 7-fold 
increase in weights.§ The effects of tissue prehydration on the 
pseudo-equilibrium aluminum sorption values at 0.5 hr for ACH 
and AlCb are shown in Fig 4, The Als values are 2- 3 times 
greater for ACH than for AlCla at t hese prehydration states. 
Substantial differences in the aluminum sorption profiles are 
§ At 96 lu' prehydrat ion, the tissues are intact although somewhat 
more fragile. 
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TABLE Ill. Prehydration effects on aluminum chlorohydrate/hydrated aluminum chloride (ACH/AlCl:J sorption/desorption 
ACH AICI, 
Hydration % AI,," Al 1.1" Hydration % Als" Alulf Al 1.1" tim e (hr) Hydration AI, " time (hI') Hydration 
0.0" 0 1.09 ± .25 .077 ± .032 l.013 ± .287 O.o"·e 0 0.44 ± .19 
0.5 128 ± 16 1.04 ± .30 .058 ± .017 0.982 ± .287 0.5 79 ± 17 0.50 ± .09 .18 ± .02 .32 ± .09 
4.0 228 ± 53 1.14 ± .39 .051 ± .033 1.086 ± .427 4.0 170 ± 22 0.55 ± .07 .21 ± .02 .34 ± .09 
16.0 317 ± 159 1.25 ± .07 .035 ± .026 1.215 ± .096 16.0 355 ± 53 0.52 ± .09 .23 ± .03 .29 ± .06 
48.0 579 ± 133 1.46 ± .04 .015 ± .005 1.448 ± .042 48.0 467 ± 74 0.86 ± .11 .12 ± .02 .74 ± .09 
96.0" 740 + 30 2.27 + .11 .056 + .038 2.210 + .145 96.0 621 ± 196 0.94 ± .31 .10 ± .03 .84 ± .28 
" Als, AID and ALB are in units of p.g AI/mg S.C. as defined in the text and are expressed here as mean values ± standard deviations for triplicate 
stratum corneum segments except where noted. 
" Only duplicate tissues were used in these experiments. 
(. No AID and ALB values were obtained for these tissues. 
observed for ACH and AICb as a function of hydration state 
indicating distinct sorption mechanisms. 
Differences in t he sorption capacities of prehydrated stratum 
corneum for ACH and AlCta are more apparent from examina-
tion of AID values, % Desorbed and "aluminum bound" data for 
these 2 solutes. Figure 5A depicts the desorption profiles, and 
Fig 5B shows % Desorbed data for these 2 solutes. The AICta 
desorption values (Fig 5A) are much larger than ACH values 
showing high desorption (0.2 Ilg Al/mg S.C., up to 40%) during 
early prehydration periods (0-16 hr) followed by decreasing 
desorption at longer prehydration times. Thus, for AlCta, the 
sorption process is reversible only during early prehydration 
times. The desorption profile for ACH, in contrast, shows low, 
continuously decreasing desorption values as a function of 
increasing state of hydration. The % Desorbed values for ACH 
Fig 5B) decrease from ca. 7% to 1-2% with longer prehydration 
periods. The sorption process for ACH is apparently irreversible 
over all prehydl'ation periods. Further evidence of the irrevers-
ible nature of ACH sorption is seen in the "aluminum bound" 
profiles for ACH and AlCb (Fig 6) . Values of AlB for ACH are 
greater than for AICta by a 3- to 4-fold factor at comparable Al 
levels over t he entire prehydration range. Thus, increasing the 
hydration of the stratum corneum segments resulted in (i) an 
increase in the levels of sorption of both solutes, and (ii) a 
demonstrable difference in the overall sorption process. 
Further examination of this dependence of aluminum sorp-
tion on hydration was, therefore, carried out for both solute 
systems (10- 3 M Al) using extended sorption over a 7-hr period 
at defined states of hydration. Aluminum sorption times from 
0.5-7.0 hr were investigated using stratum corneum segments 
pre hydrated for 1 and 48 hr. The sorption profiles obtained are 
shown in Fig 7. In the case of AICb, the uptake profile (solid 
lines) for the 1 hr prehydration rapidly levels off at about 0.65 
Ilg Al/mg stratum corneum, while the sorption of AlCta after 48 
hr prehydration is greater and does not reach a plateau even by 
7 hl'. These results agree with the previous prehydration data 
which indicated that increased hydration elevated the sorption 
capacity of the stratum corneum for AlCb. 
The ACH uptake proflies (dashed lines, Fig 7) show in-
creased aluminum sorption with higher hydration times. Al-
though 2-fold increases in ACH uptake were observed at 48 hr 
prehydration as compared to r hr prehydration, neither sorp-
tion appeared to reach a plateau by 7 hr sorption time. 
Effects of Stratum Corneum Delipidization on Aluminum 
Sorption 
The effects of solvent delipidization on pseudo-equilibrium 
aluminum sorption values were also investigated using 1:1 an-
hydrous ethanol:ethyl ether mixtures. PreviQus observations 
[14] indicated that such pretreatments change the permeability 
and sorption capacities of stratum corneum due to extraction of 
lipids. . 
Tissues were pretreated with ethanol:ether mixtures either 
prior to or following prehydration, after which time aluminum 
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FIG 4. Dependence' of aluminum sorption (10- 3 M AI) for 0.5 hr on 
prehydration-Als values versus time of prehydration from 0 hr (dry 
stratum corneum) to 96 hr. See T able III for summary of aluminum 
chlorohydrate (ACH) and hydrated aluminum chloride (AlCb) data. 
sorption was performed in 10- 3 MACH for 0.5 hr. The results 
of this pseudo-equilibrium sorption study are shown in Fig 8. 
Pretreatment of stratum corneum for 1 min in an ether-ethanol 
mixture followed by 0.5 hr prehydration increased aluminum 
uptake more than 2-fold compared to the identical treatment 
conditions without prior delipidization (2.4 vs 0.9 Ilg AI/mg 
stratum corneum).~ A 5 min delipidization produced minimal 
sorption increases. The amount of aluminum desorbed (deter-
mined by rinsing with 0.1 M NaC!) from tissues delipidized for 
5 min was also reduced, indicating that more ACH was retained 
within the stratum corneum after a 5 min delipidization than 
after a 1 min pretreatment. Reversing the order of pretreat-
ments resulted in a much lower level of "bound aluminum." A 
much higher level of aluminum sorption was obtained if the 
prehydration time was increased to 4 hr. 
DISCUSSION 
This report represents the fIrst detailed studies of the sorp-
tion, desorption, and binding properties of ACH and AICb, to 
intact stratum corneum. The sorption of these systems was 
dependent on time, aluminum concentration, and state of hy-
dl'ation and lipid content of the tissue. The general sorption 
behavior of both ACH and AICb may be summarized as follows: 
(i) uptake of aluminum solutes from aqueous solutions is quite 
~ Similar studies with 10- 3 M AICb revealed that sorption levels 
were also elevated approximately 2-fold. 
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FIG 5. Aluminum desorption profiles for aluminum chlorohydrate 
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FIG 6. Effect of pre hydration on AlB Aluminum Bound values for 
aluminum chlorohydrate (ACH) and hydrated aluminum chloride 
(AlCb) over the 0-96 hr prehydration time period. 
rapid for partially hydrated stratum corneum, reaching 50% 
saturation levels in ca. 30 min; (ii) pseudo-equilibrium sorption 
isotherms follow a Langmuir-type sorption behavior over the 
10- 4 M to 5 X 10- 3 M aluminum range for both solutes reaching 
plateau sorption capacities; at high aluminum concentrations, 
however, the ACH isotherm exhibits a long linear increase in 
sorption following this initial plateau; (iii) sorption of both 
solutes depends on the hydration state of the stratum corneum, 
increasing 2- to 3-fold over prehydration treatment time periods 
of 0-96 hr; (iv) desorption studies indicate significant reversi-
bility of AlCIJ sorption from partially hydrated stratum cor-
neum with little desorption of sorbed AlCb from fully hydrated 
(48 or more hr prehydration) stratum corneum; (v) deplipidi-
zation of stratum corneum using polar/ nonpolar sofvent mix-
tures prior to pre hydration increases its sorption capacity for 
ACH. 
The sorption behavior of both aluminum systems is not 
surprising in light of studies by Scheuplein [12]. Sorption of 
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water-soluble substances is expected to exhibit Langmuir-type 
behavior characterized by a solute concentration dependency 
[12]. Furthermore, increases in the hydration state of the stra-
tum corneum enhance the permeability and sorption of water-
soluble solutes [11, 12]. Water sorption studies [12] also reveal 
biphasic water uptake profIle with a pseudo-plateau at 24-48 
hr followed by a fmal water saturation plateau at 4-5 days. The 
overall aluminum sorption profIles for ACH and AlCb as a 
function of prehydration are similarly biphasic, suggesting that 
increased aluminum sorption with increased prehydration of 
the tissues is due to tissue expansion resulting from water 
sorption. The desorption data for AlCIa lend further support to 
the role of hydration in dictating solute sorption, since AICb 
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% Desorption from partially hydrated (24 hI' or less) tissues is 
greater than with fully hydrated (48-96 hr prehydration) tis-
sues. 
The effects of delipidization pretreatments of stratum cor-
neum on ACH sorption agree with the observations of others 
regarding the influence of delipidization on the tissue permea-
bility and sorption of various solvents [14]. Excised stratum 
corneum is opened up by delipidization, creating either artificial 
diffusion shunts or increasing the internal surface sorption area. 
The most significant aspect of our sorption results is the 
observation of differences in the comparative sorption behavior 
of AlCla and ACH. Sorption uptake rates, sorption isotherms, 
desorption behavior, and tissue hydration studies all reveal 
differences between AICI3 and ACH. Chemically, AICb and 
ACH are quite distinct and this is reflected in their sorption 
properties and behavior. AICIa is a monomeric, hydrated, cati-
onic species in aqueous solution. [Al(H20)6]3+ ion undergoes 
hydrolysis slowly to form [Al(H20)sOH]2+ ion and other oligo-
mel's in dilute solution [15,16]. Only monomeric species are 
reactive to proteins in the classical "complexation sense" re-
sulting in the formation of bound metal ion complexes. Expo-
sure of monomeric [Al(H20)6]3+ ion to higher pH found within 
the membranous environment of the stratum corneum could 
cause slow hydrolysis to low molecular weight hydroxy com-
plexes which would not complex to proteins. ACH, on the other 
hand, is a complex polymer solution of polycationic hydroxy-
aluminum (III) ion species with a molecular weight range from 
400-5000 [17-19]. Thus, the chemical nature and behavior of 
the two systems, ACH and AlCb, are quite distinct. AlCb is 
mobile with a higher inherent diffusion constant, but can un-
dergo complexation to proteins or hydrolysis to less mobile 
polymeric species. ACH is both less mobile and less reactive 
chemically, being subject to aggregation and possible precipi-
tation at physiological pH. 
The differences in the sorption behavior of ACH and AlCb 
probably reflect their distinct chemical differences. The sorp-
tion of ACH to hydrated (1 hr prehydrated) stratum corneum 
is 2-4 times greater than that of AICb except for prolonged 
sorption (7-24 hr) onto extensively hydrated tissues. Under 
these latter conditions, equivalent aluminum sorption capacities 
are observed for AICta and ACH. The increased sorption uptake 
rates, the lack of appreciable desorption, and the distinct dif-
fer~nces in the ACH isotherm (a biphasic Langmuir type L or 
C isotherm) indicate a greater substantivity of ACH than of 
AlCl3 for stratum corneum. The differences in sorption and 
retention of ACH solutes are probably due to strong chemi-
sorption on the tissue surfaces and/or internally. The irrevers-
ible nature of this sorption may be due to charge stabilization 
on the tissue surfaces and precipitation or aggregation within 
the membranes following diffusion and chemi-sorption. Pro-
longed hydration would also allow diffusion of the polymeric 
aluminum species within the membrane, a process not readily 
reversed under the limited desorption conditions employed. 
The sorption of monomeric AICb, on the other hand, results in 
the more classical reversible ligation of the hydrated metal ion 
to available surface sites on partially hydrated tissues, possibly 
carboxylate sites as discussed by Lyon and Klotz [9]. Desorption 
Vol. 77, No. 3 
is dictated largely by the weak equilibrium binding constants of 
the aluminum (III) ion. Sorption of AICI3 to fully hydrated 
stratum corneum or sorption for longer times is substantially 
different, however, because it is not reversible and is equivalent 
to ACH sorption. Thus, a different chemical interpretation is 
necessary. One explanation is that hydj'ated AICl3 undergoes 
hydl'olysis to oligomeric species within the fully hydrated tissue 
(due to a higher pH environment within the membranes) fol-
lowing monomeric solute diffusion. In essence, these processes 
would produce hydroxyaluminum oligomers with sorptive prop-
erties similar to but not chemically identical to those found in 
ACH solutions [17-19]. 
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